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1. Abstract

Environmental concerns, the energy crisis, and the feud with the Middle East have
driven research towards new means of energy production. One of the explored options is
that of collecting solar energy in space, and then wirelessly transmitting that power down
to Earth. Such a system could be useful for multiple applications. The potential for space
based solar energy to provide a commercially competitive source of energy in the future
is of high current interest. To exploit t h ~ valuable
s
resource on a large scale requires more
research, and a prototype to establish a precedent.

2. Introduction
Because light can travel in space with little attenuation, spatially coherent laser
beams offer a valuable alternative means of transmitting energy over large distances,
which is typical of space. The current power infrastructure in space requires that each
satellite or spacecraft carries its own means of energy production, such as solar panels,
batteries, etc. These components take up valuable space and increase the mass and launch
costs of their associated projects. It costs approximately $1000/W for typical satellite
power systems 171. Since it is impractical to run power and transmission lines among
satellites and spacecrafts and the Earth, lasers have been proposed as a means of
wirelessly transmitting power. Such a laser transmission system could require that the
receiving satellite or spacecraft carry much smaller solar panels since the laser would
provide much more concentrated energy than solar light, as well as smaller energy
storage devices since they would only be necessary for momentary lapses in power
transmission. A wireless power transmission system also makes it feasible to power

spacecraft components or systems that are not attached to the satellite itself for
applications such as providing power to lunar rovers or to help clear debris.
The wireless power transmission system is most applicable to operations in space
because extra mass means a higher mission cost, so an effective power infrastructure in
space could reduce the cost of many future missions in space. This would be similar to
the power infrastructure here on Earth. On Earth, most buildings do not have their own
power generation devices and instead rely on a utility company to provide the power. A
wireless power transmission system in space could make it possible to have one satellite
act like a utility company and provide power to other satellites andlor spacecrafts. Once
this wireless power transmission system becomes sophisticated enough, it will be
possible to send power to remote locations on Earth, where running power lines would be
difficult or impossible. This system also has the potential to become a competitive source
of clean, renewable energy for the power grid on Earth.
Along with lasers, microwaves have also been proposed for wireless power
transmission. More research has gone towards microwave wireless power transmission
because microwaves are better understood and have been used and researched more than
lasers have. However, the apertures necessary to effectively transmit considerable
amounts of power using microwaves are much, much larger than those necessary for
lasers. A microwave system would have to be approximately 10,000 times larger than a
laser system to provide the same efficiency of transmission. To build a microwave
receiver here on Earth would not be that problematic, but constructing an aperture that
can be hundreds of meters long in space would be immensely costly. A considerable
amount of research over a long time will be necessary to reduce the size of microwave

systems to an acceptable level while transmitting a sufficient amount of power, so it is
simply not practical. Thus, it has been concluded that lasers would be a better option for
the wireless transmission of power.

3. Methods
Research was conducted to explore the feasibility of a wireless power
transmission system using lasers, what scenarios it could be useful in, and how it would
be implemented. The system was modeled using software such as LightTools, Code V,
ASAP, and MATLAB, as well as in physical models using the materials available in the
optics labs at The University of Alabama in Huntsville. There was also an exploration of
quantum secure communications and redundant measures to reduce or eliminate some of
the potential issues. We propose that further investigations be pursued utilizing more
sophisticated resources in a more realistic environment than a lab, and that a prototype be
demonstrated in space as a proof-of-concept.

4. Discussion
The proposed system is shown in Fig. 1, and can be divided into three sections.
First a laser beam is produced and amplified, then the laser beam is sent through a beam
expander, and then it propagates through a medium and onto photovoltaic cells. The laser
is targeted by a large mirror for large and slow corrections, and a fast steering mirror for
quick, minor corrections to achieve the necessary accuracy. The return signal from the
receiving site enters the system in a similar way that the original signal leaves the system.

A beam splitter behind the beam expander is used to separate the sending and receiving

signals. The received signal is then further separated and focused onto active pixel
sensors, a communication detector, and a focal plane array. All three of these are used to
profile the beam and to communicate with the receiving site.

Fig. 1 - The optical components of the transmitter of the proposed wireless power
transmission system, as modeled using LightTools. Courtesy of Randy Gaillard.

3.1 Lasers

Lasers are useful for the wireless transmission of power because of their
incredible stability over long distances. A laser beam is light that can be concentrated in a
low order spatial mode. A laser is a device that emits light in a very directional beam,
usually of a specific wavelength. Most light radiates in all directions, for example a
candle is a light source that emits light fairly equally in all directions. If the candle
instead concentrates all of its light in one direction, the intensity of this light would be

hundreds or thousands orders of magnitude stronger, yet the total power emitted by the
candle would remain constant. The property of a laser to be able to concentrate its energy
into a narrow and consistent path is what makes lasers so useful and makes lasers an
excellent candidate to wirelessly and precisely transmit power using relatively small
transmitting and receiving apertures.
Laser is an acronym that stands for Light Amplification by Stimulated Emission
of Radiation. This utilizes a unique property of certain materials, such as properly excited
Nd:YAG and Ti:sapphire, that will emit a photon when struck by a photon. The result is
two photons of the same phase, polarization, and direction of travel. This phenomenon is
what makes laser beams maintain their intensity and spatial distribution over large
distances. Laser beams can be highly directional with their angular spread limited only by
diffraction. The vertex angle of divergence is given by:

A@= . l ( h 2 / ~ )121
A is the area of the laser output aperture. Lasers also produce light of high spectral purity.
Although it is impossible to produce only one wavelength of light and be truly
monochromatic, lasers can come very close, and for most intents and purposes can be
considered monochromatic. The frequency linewidth, Au, is a measure of a laser's
monochromaticity, and is defined by:
Au = c* (Ah / h2)

[4]

Because of the very narrow wavelength spectrum in laser light, the different frequencies
take a long time to get out of phase and interfere with each other, and thus laser light has
a large coherence time and a large coherence length, allowing it to maintain a selective
directionality over large distances. Coherence time, 6z, is defined by:

6~ = 1 1 Au

[4]

Coherence length, l,, is defined by:
1, = c l Au

[4]

For an ideal laser, the frequency linewidth is zero, and thus the coherence time and length
are infinite. These properties are what give lasers their incredible stability.

3.2 Amplification
Photons striking the gain medium stimulate emission of additional photons. The
incident photons induce electrons in higher energy states to drop into a lower energy
state, and emit a photon similar to the stimulating photon. To resupply electrons in higher
energy states requires that the gain medium be pumped. Pumping entails introducing
some process that disturbs the thermal equilibrium of the gain medium. In thermal
equilibrium, the ratio of the electrons in the upper state, N2, and the ratio of electrons in
the lower state, NI, is given by:
N2/NI= e A [-(E2-E1)/ kBT]

[41

KBis Boltzman's constant and T is temperature. In order to achieve a gain in the laser,
the population in the upper state must be greater than the population in the lower state,
which is accomplished by a pulse of light, an electric pulse, etc.
The gain medium is only limited by how much it is pumped so a laser beam can
travel through the same gain medium numerous times. Resonators are used to pass the
laser beam through the gain medium several times before the energy escapes from the
resonator. One resonator that has been explored is a double confocal multipass
configuration based on symmetric confocal mirror pairs, as discussed in [3]. In our

model, four mirrors with focal lengths of 25.4cm were used, arranged as shown in Fig. 2.
The gain medium is placed at the common focus of all four mirrors. The laser beam
enters right above M4, and walks down each mirror until it finally exits the resonator
under MI. Once the laser finally exits the amplifier, it will have traveled through the gain
medium several times and will emerge much stronger than when it had entered the
system.

OUT

Fig. 2 - An amplifier using a double confocal multipass configuration based on
symmetric confocal mirror pairs.

Lasers come in two varieties: continuous wave and pulsed. Continuous wave
lasers are the simplest, offering a fairly steady power output. Pulsed lasers store energy
and release it all at once, providing peak power intensities that are a million times
stronger than continuous wave lasers, even though the average power of each laser is the

same. The amplifier described above would generate a continuous wave laser. One way
to create a pulsed laser is by putting a variable attenuator in the amplifier. A pulsed laser
created this way is called a Q-switched laser. The attenuator controls the quality factor of
the laser, which is a property of the amplifier that describes how lossy it is. While the
quality factor is low, lasing can not occur, so energy builds up in the gain medium up to a
certain limit. Once this limit is reached, the quality factor is changed from low to high
and most of the stored energy is released at once. Q-switched lasers create very high peak
powers, with relatively long pulse widths. These short, high energy pulses can
accommodate tasks that could not be performed by the steady stream of energy provided
by continuous wave lasers. In addition, pulsed lasers give the system time to cool down.
Pulses are necessary for applications such as optical communications and laser ablation,
while continuous wave lasers are more usehl for power beaming applications since solar
cells tend to do better under steady, constant illumination.

3.3 Steering Optics

Once the laser exits the amplifier, the laser will need to be expanded in order to
reduce the spot size on the target. The spot size can be determined by the following
equations:
Z R = ~ w2 / 0A
W

2

(z) = W:

* (1 + (A&)')

[41
[4]

Fig. 3 - Diagram to explain gaussian beam optics.

n is the refractive index, w, is the beam waist which is where the beam is the narrowest, z
is the distance from the beam waist, and ZRis referred to as the Rayleigh range which is
the distance fiom the beam waist where the beam transitions fiom near-field to far-field
behavior. One strategy is to locate the beam waist halfway between the transmitter and
the receiver. The beam waist in this case can be found using the first equation. The spot
size of the transmitter or receiver can then be found using the second equation, which is
wo*d2 in this case.
A Cassegrainian telescope, shown in Fig. 4, has been chosen so that incoming and
outgoing laser signals can be manipulated prior to entering the beam expander. A
Cassegrainian telescope consists of a parabolic primary mirror and a convex hyperbolic
secondary mirror. When a collimated beam enters the system from either side, the first
mirror it strikes will either focus it, or expand it. Then, the second mirror it strikes will
make it collimated once again. If a laser beam enters the Cassegrainian telescope and
strikes the primary mirror first, the Cassegrainian telescope will reduce the laser beam in
size. If a laser beam enters the Cassegrainian telescope and strikes the secondary mirror
first, the Cassegrainian telescope will expand the laser beam into a larger beam. This

design makes it so that the focal length of the entire system is several times that of the
primary mirror.
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Fig. 4 - A Cassegrainian telescope.

A large mirror past the Cassegrainian telescope is capable of turning in a large
range to compensate for the orientation of the satellite relative to the Earth. Because of
the considerable distances that the laser must travel, great precision is required, on the
order of microradians. At a distance of 400krn from the Earth's surface and pointing at a
target directly underneath the satellite, an angle of 2.5 microradians corresponds to one
meter on Earth. A fast steering mirror is used to make the small adjustments necessary. In
addition, this fast steering mirror is able to compensate for any vibration in the satellite,
which would otherwise cause some considerable difficulty in attaining the precision
necessary [ 121.

3.4 Solar Cells
For applications requiring the transfer of power, the laser will be aimed onto
monochromatic solar cells to reconvert the energy back into electrical power. Since a
laser creates monochromatic light, solar cells can be designed with much higher
efficiencies. Monochromatic solar cells utilize a filter that only lets in energy from a very
narrow range of wavelengths. Thus, after the light strikes the converting surface, most of
the photons will be unable to escape and will be recycled. Efficiencies as high as 40-50%
have been reported using monochromatic light [8]. The efficiency of solar cells also
increases as the intensity of the light increases. So because of the increased intensity that
a laser offers, and the increased efficiency of the solar cells, the receivers required to
harness laser energy are much more effective than those for sunlight.

3.5 Space to Earth Power Transmission
This system could be utilized to provide clean, renewable energy for commercial
purposes on Earth. Terrestrial solar cells are already in place and are providing a
considerable amount of the global energy production. But solar cells on Earth suffer from
some difficulties and limitations that make other energy sources a better option in many
situations. Solar cells on Earth can be obstructed by clouds and other gaseous
phenomena, and they generate very little power in the night. However, if these solar cells
were placed above the atmosphere, their energy production would skyrocket. Since space
is a vacuum, the solar energy incident on the solar cells can be up to four times as strong,
and if the solar cells are placed in a proper geo-synchronous orbit, they can stay
illuminated almost constantly.

Solar cells can collect solar energy much more efficiently in space. However, the
energy they harvest must be brought back to Earth. The proposed wireless power
transmission system could theoretically transmit this energy more selectively to a certain
location than can be done using sunlight alone. There will be some losses due to
imperfect conversion of electrical energy into laser energy, then atmospheric losses, and
then the conversion of laser energy into electrical energy. However, because of the
properties of lasers, they can deliver energy at an adjustable intensity more efficiently
than sunlight. The receiving solar cells can be configured for monochromatic light, which
can offer substantially higher efficiencies than traditional solar cells.
It may take some time before launch costs are reduced enough to justify the initial
investment that this wireless power transmission system requires. Until then, terrestrial
solar cells are a less expensive alternative for mass energy production. However, wireless
power transmission opens options that are not accessible using traditional solar cells and
sunlight, and it is worth pursuing.
Some potential applications can be beneficial for the near future. For example, in
some remote regions where it is difficult to set up a grid of solar cells because of shipping
difficulties and/or land constraints, a wireless power transmission system could be
introduced that would require smaller solar cell arrays to provide a given supply of
power. Some locations such as the Polar Regions have nights that can last for months, so
traditional solar cells are not useful. Military operations are often performed in remote
locations and many such operations are temporary. These military operations need quick,
easy access to power. Once this wireless power transmission system becomes
sophisticated enough, it has the potential to power ships, aircrafts, and even cars.

3.6 Space to Space Power Transmission
However, beaming power from space to Earth is perhaps too ambitious. Before
wireless space to Earth power transmission can be considered, wireless power
transmission should be demonstrated in a space to space scenario. In space, there is
practically no attenuation in the laser, and shorter distances can be tested initially. In this
situation, there is minimal risk involved. If the laser beam misses the satellite completely,
then it is just shot off harmlessly into space. As such, there would be practically no risk
whatsoever to life or property so this could provide a useful, relatively low risk proof-ofconcept experiment.

3.7 Clearing Debris
Near Earth space is terribly cluttered with the remnants of previous satellites and
other space debris. Fig. 5 shows a drawing of the debris around Earth as of 2005. This
debris poses a serious threat to all present and future satellites and spacecrafts. Even very
small particles, with diameters on the order of centimeters, can punch holes in satellites
because of the speed at which they travel, which is typically about 10,000 m/s. The
concern about orbital debris has increased substantially since two satellites collided in
early 2009. While several of these bits and pieces either flew off into space or burned up
in Earth's atmosphere, a significant number will remain in orbit around the Earth.

w 5 1
Fig. 5 - The white dots are debris orbiting Earth as of 2005. This drawing is not to scale.

The amount of debris in orbit around the Earth will only increase as human
operations in space increase. If the process continues, satellites and spacecrafts will be
more likely to encounter unsafe conditions. A way to clean up the space surrounding the
Earth needs to be found. One option is to push the debris with lasers using a phenomenon
known as laser ablation. When a laser impacts a surface with enough intensity,
approximately 1 ~ o u l e l c ma~small
,
fraction of that object is blown off. The bits and
pieces that are blown off impart a force on the object and the object itself is propelled in
the opposite direction. Laser ablation offers three unique advantages over other options.
First, the source of the laser does not need to be very close to the debris to act upon it.
Second, although debris can travel at some impressive speeds, light will always be much
faster which makes targeting much easier than non-optical methods. Lastly, the laser can
act as both the force to push the debris, as well as the targeting mechanism by initially
striking the debris with an attenuated beam and measuring the reflected rays off of the
debris, and then increasing the power output to push the debris away once it has been
assessed that the proper target has been acquired. Thus, lasers can provide the necessary

precision, agility, and security to protect our space interests and clean up our
environment.
If the laser that is meant to push the debris away is simply put on the satellite that
it is meant to protect, then it can only push the object in one direction, away from the
satellite. This strategy would require a tremendous amount of power since the debris
would have to be stopped, and then pushed away. The wireless power transmission
system could be useful here to help deploy a microsatellite that would be equipped with
another laser to ablate the debris. This way, the object can be acted upon from several
different angles. Fig.6 demonstrates how a microsatellite can be used to protect the ISS
from debris.

Fig. 6 - The International Space Station (ISS) utilizing a microsatellite to push a piece of
debris into Earth's atmosphere. Courtesy of Randy Gaillard.

Next is the question of whether the debris should be pushed into Earth's
atmosphere or out of Earth's gravity well. It would take much more energy to push the
debris out of Earth's orbit than it would to push it into Earth's atmosphere. The vast
majority of debris would not survive the intense heating in Earth's atmosphere, but there
would be some that would persist. If some debris is found that has the potential to make it
through the atmosphere, the debris's trajectory can be calculated to maximize the
probability that it falls harmlessly into an ocean.

3.8 Safety Precautions and Concerns

Whenever transmission of power is considered, a major concern is safety. Several
redundant features have been applied here to guarantee the safety of all personnel and
equipment. Before any considerable amount of power is transmitted, a weak, sensing
beam is used to find the target. The receiving solar panels are equipped with wavelength
selective photodetectors that are placed surrounding the receiver, and the receiving site
only grants permission to transmit the power once all of its detectors report a signal
within a certain receiving area. The receiving site can also mathematically derive where
the center of the transmitted beam is located and how fast the beam is moving, and the
receiving site relays this information back to the transmitting site so that the transmitting
site can correct itself. The receiving site is also equipped with retroreflective corner
cubes. These corner cubes are designed in such a way that any light incident upon the
comer cubes is reflected in the same direction that the light came fi-om. The source of the
laser keeps its own wavelength selective photodetectors to track this returned beam. The
source of the laser also carries a camera with active pixel sensors, which check if the

receiving site is illuminated by the sensing laser. Only once all three redundant measures
are satisfied is the energy of the laser focused to a smaller area and the transfer of power
begins.
Even though it is possible to design a system that could almost guarantee that the
proper target is hit, there are still some risks. If the receiving site is on Earth, a fenced
buffer zone should be in place to keep people away from the received laser beam. The
laser has a large outer ring which is much less intense than the center of the beam where
practically all of the energy is being transferred. If someone, or perhaps an animal or a
bird, accidentally comes too close to the receiver, the transmitter notices the change in the
reflected light of the weaker outer ring and shuts off. Because the speed of light is so
much greater than any speed a bird can reach, the camera immediately notices the danger
and shuts the laser off before the bird travels any considerable distance and is harmed by
the much more intense center of the beam. The same is true for any planes traveling
through the beam. However, it is still recommended that flight within the vicinity of the
beam be restricted.
While it might be difficult, it would not be impossible to hack into this system and
exchange false messages between the source of the laser and the receiving site. To
guarantee the safety of the system, a quantum secure key exchange is used to protect the
information being communicated between the transmitter and the receiver. A quantum
secure communication link operates by using a laser that is attenuated to produce a single
photon in each pulse. A key is encrypted by using information such as whether or not a
photon is present and what the orientation of its polarization is. The transmitter and the
receiver also have a public channel to verify their keys as well as synchronize their

processors to ensure that the time bins that the photons are sent and detected are the
same.
What makes a quantum secure key exchange so unusually safe and reliable lies in
a very basic property of photons. Because of the quantum nature of a photon, the only
way to determine whether or not a photon is present and what its orientation is destroys
it. Since these photons are traveling at the speed of light, by the time a malicious system
detects a photon and generates a false photon with the same orientation to send to the
receiver, it is too late. Once the transmitter and receiver exchange keys over the public
channel, they know whether or not the system has been tampered with because their keys
are not identical. Any malicious system will not be able to hide the consequences of
tampering with the communication link. In addition, the transmitter and the receiver
randomly switch fkom a 0" and a 45" polarization, which is also exchanged over the nonsecure channel. If different polarizations were used then the key is discarded. As such, if
there exists an eavesdropper that could detect the photon and generate an identical photon
quickly enough, it would measure the photon with the wrong polarization half of the time
and induce a 25% error [I 71.
It would not be unreasonable to imagine that the photons are often tampered with
by the environment itself, instead of by some malicious system. In both of these cases the
situation is treated the same, if the keys do not match identically then they are discarded
and new keys are sent. Since only a single photon is being sent, the probability of that
photon reaching the receiver decreases as the distance it must travel increases.
Theoretically, since the probability of the photon reaching its target is never zero,
quantum key distribution could be used over any distance. However, to compensate for

this, the bit rate decreases since attaining an identical key is incredibly difficult for large
distances, and a tremendous number of keys need to be sent before an identical key is
established [18]. The longest successful experiment done over a free space link is 144km,
at a bit rate of 12.8 bitls [19].
There are some international concerns about using lasers in space as weapons.
Laser weapons have been proposed as a means of disarming ballistic missiles and other
similar weapons. The same laser that could be used to peacefully transmit power for
commercial purposes could theoretically be turned to strike down another satellite.
However, reports have found that defending against a laser simply requires a cheap,
reflective coating around any possible targets. For example, a layer of titanium oxide
powder could reflect 99.9% of a laser's energy [ l 11. In addition, aiming the laser is much
more difficult when the target is uncooperative and provides little to no feedback on the
accuracy of the beam. It would also take a large aperture and huge amounts of power to
reduce the spot size and increase the intensity of the beam to be able to bore a hole
through the protective layers of the target in a reasonable amount of time. For example, if
a space based laser was deployed and to be used on ballistic missiles, it would require a
10m diameter mirror and a 30MW laser to bore a hole through a ballistic missile that is
3000km away in 80 seconds [I 11. Thls assumes that the missile is 0% reflective, that the
weather is perfectly clear, and that the laser is pointed on exactly the same spot for the
entire 80 seconds. Also, the space based laser would be in orbit around the Earth and will
not be able to cover much area at a time. Since it is difficult to hide a satellite, an
unfriendly country will be able to track the space based laser and when they plan to fire a
ballistic missile they can just wait for the space based laser to pass by. Quite a few of

these space based lasers would be necessary to be useful so that they could cover all
necessary locations for reasonable amounts of time. Accomplishing all of this is simply
too difficult, and too easy to defend against. The system we propose is not very useful as
a weapon and it would be very difficult to turn it into one.
Even though using this wireless power transmission system as a weapon would be
difficult and impractical, some concerns are still valid. To help put the community at
ease, it is recommended that any endeavors be fully disclosed to the public. International
participation should be strongly encouraged to further assure the public as well as foreign
nations that the system is not meant for military purposes. This could be done by
involving foreign companies and governments with the production and implementation of
the system. Students from foreign universities should be given the opportunity to help in
the research and development of the system. The weaponization of space would cause
many undesirable consequences and should be avoided, so all steps to make this system
as unthreatening as possible should be taken.

4. Conclusion

Wireless power transmission with lasers can be remarkably efficient, and will
only increase in efficiency as more sophisticated lasers and photovoltaics are developed.
Research is already being conducted on several of the components of this system. For
example, researchers at Rensselaer Polytechnic Institute have recently demonstrated a
seven layer coating that will enable silicon cells to absorb light over the entire spectrum
of sunlight from nearly any angle [13]. This development means that the solar panels

used in space would become more effective, so either more power would be available or
less solar panels would be required.
Several techniques have been suggested to ensure the safety and reliability of this
system. With adequate redundancy measures, there is no reason that this system would
improperly aim and cause any damage. Also, if the implementation of this system is
approached properly and sufficiently disclosed to the public, the majority of society
would likely welcome a new source of clean, renewable energy.
A primary deterrent to the implementation of this system to provide energy on

Earth is cost. To provide serious, plentiful power for commercial applications on Earth,
enormous solar arrays would be necessary. In the current market, it would be impossible
for space based solar energy to compete economically with other forms of energy
production because of the high costs necessary to send and maintain the equipment in
space. Launch costs will decrease over time, so the wireless power transmission system
will likely be useful on a large scale in the future. Until then, there are still several
practical applications for wireless power transmission in the near future. Satellites with
smaller arrays can be used to transmit power to other satellites, remote locations, or in
emergency situations such as where a hurricane has knocked out power to the local
hospital.
Lasers are also useful for several other applications such as ranging and
communication, and research is also being conducted in the areas of laser propulsion. It
may be possible one day that a satellite could launch itself into space, steer, acquire its
target, protect itself from debris, communicate, and transfer power all with the same

laser. If one component could accomplish such a variety of tasks, the satellite would be
much cheaper overall.
The proposed space elevator [14] has the potential to drastically reduce the cost of
sending payloads into space. The concept of the space elevator is that an incredibly long
and strong tether would be pulled taut by the rotation of the Earth, and vehicles could ride
up and down the tether. One of the issues facing the space elevator is how to power the
elevator that rides up and down the tether. Since running electrical wires would be
difficult, and solar cells have had trouble supplying the necessary power, lasers provide a
viable alternative. Lasers have been the favorite option of many teams of NASA's Space
Elevator Games, a competition held to experiment with the space elevator concept. If a
power beaming system is proven on a satellite, then it will be perfectly viable to work
with the space elevator. Thus, this laser power transmission system would not just be
patiently waiting for the day that access to space becomes cheap enough, but it would
actually help achieve cheaper access to space.
More research needs to be conducted in order to increase the feasibility of this
system. First, laser propagation through the atmosphere needs to be tested. Theoretically,
the vacuum of space and the small refraction of air should keep a laser beam very stable,
but some small attenuation will exist. Research into the energy losses of a laser traveling
through the atmosphere and the vacuum of space is necessary. Some long range laser
beam shaping techniques are also necessary. This research will not only benefit the
wireless transmission of power, but also that of long distance ranging and
communication. Quantum key distribution also needs to achieve longer distances with a

higher bit rate so that less time is wasted waiting for the keys to be exchanged before the
power is transmitted.
Wireless power transmission with lasers will likely become a viable option in the
future. But to properly implement this system, more research and testing will need to be
done. Applications for today's society exist, and the long term benefits will be
tremendous. Research needs to begin as soon as possible so that society can begin
benefiting from this system. A proof-of-concept experiment is necessary, and a prototype
is suggested, possibly located on one of the ISS's experimental modules.
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